The specificity of the enzyme-linked immunosorbent assay(s) is thought to depend on the specificity of the antibody used in the assay system. Therefore, the association of broadly reactive antigens like endotoxin with enzyme conjugates or other enzyme-linked immunosorbent assay reagents has the potential of altering the specificity of reactions in the enzyme-linked immunosorbent assay. Using the Limulus amoebocyte lysate assay, we demonstrated that commercially prepared conjugates of goat anti-human immunoglobulin G peroxidase, goat anti-rabbit immunoglobulin G alkaline phosphatase, rabbit anti-human immunoglobulin G, and other enzyme conjugates contained endotoxin. Furthermore, the staphylococcal protein A, horseradish peroxidase, and bovine alkaline phosphatase used to prepare enzyme conjugates also contained endotoxin. Commercially obtained bovine alkaline phosphatase contained as much as 1.0 p.g of endotoxin per ml of enzyme solution. Both Sodium sulfate precipitation of LAL. Reconstituted LAL (0.2 ml) was diluted 1:25 in sterile pyrogen-free water. Sodium sulfate (0.18 g/ml) was added, and the solution was incubated in a shaking water bath for 1.5 h at 37°C. After centrifugation (12,000 x g for 20 min at 4°C), the precipitate was washed once with 2.0 ml of 1.27 M Na2SO4, centrifuged, and suspended in 1.0 ml of 1.27 M Na2SO4. The precipitated LAL was stored at 4°C and diluted in CBB immediately before use. (The Na2SO4-precipitated LAL adsorbed to polystyrene better than pure LAL).
Demonstration of alkaline phosphatase-associated endotoxin by binding of enzyme to adsorbed LAL. Wells were coated with 0.1 ml of a 1:50 dilution of Na2SO4-precipitated LAL in CBB and were incubated for 1 h at 37°C. (A row of uncoated control wells was also included). The wells were emptied and washed three times with PBST. Bovine alkaline phosphatase (0.1 ml) diluted in PBST was added to each well. After incubation for 1 h at 37°C, the wells were emptied and washed three times with PBST. p-Nitrophenyl phosphate (0.1 ml) in diethanolamine buffer was added to each well. After incubation for 1 h at 37°C, the absorbance (405 nm) of the solution in each well was determined with a Microelisa reader (Dynatech Laboratories).
Demonstration of endotoxin associated with goat antihuman IgG peroxidase with mouse monoclonal antibody specific for lipid A. Wells were coated with a mouse monoclonal antibody to lipid A by adding 0.1 ml of 1:500 dilution of the antibody in CBB to each well followed by incubation for 1 h at 37°C. (An uncoated control row was also included). The wells were emptied and washed with PBST. Goat anti-human IgG peroxidase (0.1 ml) diluted 1:100 in PBST was added to each well. The plates were incubated 1 h at 37°C, emptied, and washed three times with PBST. o-Phenylenediamine in PCB (0.1 ml) was added to each well. 
RESULTS
All of the enzyme conjugates tested by direct incubation with LAL contained endotoxin (Table 1). The endotoxin was detected in specimens diluted 100-to 1,000-fold. It is significant that unconjugated alkaline phosphatase, horseradish peroxidase, and protein A contained endotoxin. Furthermore, rabbit anti-human IgG contained endotoxin. Assuming the sensitivity of our LAL assay to be 6 pg of endotoxin per ml when titrated against E. coli endotoxin standard 0113, the concentration of endotoxin in the alkaline phosphatase solution was 1 p.g/ml. This alkaline phosphatase gave a positive endotoxin LAL assay when diluted to 2.5 ng of protein per ml of pyrogen-free water but gave a negative reaction when diluted to 1.3 ng/ml. The reaction of these enzyme conjugates with LAL did not distinguish whether the endotoxin was attached to the enzyme or was present as a contaminant of the diluent in which the conjugate was suspended. To distinguish between these two possibilities, we determined whether unconjugated alkaline phosphatase would bind to solid-phase adherent LAL. Table 2 shows that unconjugated bovine alkaline phosphatase bound readily to the adsorbed LAL. The degree of binding was statistically significant and decreased with decreasing concentration of protein. Binding of 0.55 jig of protein per ml was comparable to the control value.
To identify the presence of endotoxin and its association with the enzyme conjugates more specifically, goat anti-human IgG peroxidase was incubated with mouse monoclonal antibody specific for lipid A (Table 3 ). There was a adsorbed (immobilized) polyclonal antibody could react with the endotoxin attached to enzyme conjugates as well as with the antigen that the test was designed to detect. Theoretically, this could be a major problem with antigen detection assays using the sandwich technique of EIA. Conjugates with multiple binding specificities may limit the overall sensitivity of assays in which they are used. Similarly, enzyme-antibody conjugates prepared with polyclonal antibody may bind to endotoxin present as a contaminant of antigens adsorbed to solid-phase surfaces. However, endotoxin-free antigen adsorbed to solid-phase surfaces should not react nonspecifically with polyclonal antibodies because nonreactive immunoglobulin molecules would be washed away.
Contamination of enzyme conjugates with endotoxin has far-reaching implications concerning the use of EIA methods to detect the presence of bacterial lipopolysaccharides. Even the use of monoclonal antibody to lipid A will not obviate errors introduced by preparing antibody conjugates with enzymes contaminated with endotoxin. Such conjugates would have the potential of agglutination and formation of large aggregates of conjugate. Finally, preparation of conjugates by the use of glutaraldehyde or other cross-linking agents may attach endotoxin to the surface of the conjugates. It is probable that most enzyme conjugates prepared by these current methods are contaminated with endotoxin. This contamination creates conjugates capable of dual reactivity, which may limit the sensitivity and the specificity of the immunodiagnostic assays in which they are used.
